This study is an attempt to evaluate the short and long term effects of World Exposition 1986 on US demand for British Columbia tourism by integrating the time-series oriented approach with the theory of consumer demand. The number of more-than-one-day US visitors to BC is used as the measure of demand. Intervention and transfer function models are employed for the estimates which are made separately for US visitors arriving by automobile and by plane. The conclusions drawn are that during the six months of Expo 86, an additional 1.58 million more-than-one-day US visitors were attracted to British Columbia (1.41 million by automobile and 0.17 million by plane).
Introduction
Many cities organise international mega-events such as the Olympic and World Exposition to attract tourists. The general perception is that tourism generates positive net benefits to the host city or region. The essence of this argument is that tourism provides an opportunity for free-trade between residents and tourists in the markets for tourism-related goods and services. If goods and services are priced efficiently and resources used by tourists are owned by residents, then tourism increases net average benefits (potential Pareto improvement) for residents (Clarke and Ng, 1993) . This finding is based on the assumption of efficient pricing, that is, price equals social marginal cost of production. If there exists unpriced externalities (eg, environmental costs), net benefits from tourism for residents might be negative. Thus, positive economic welfare from tourism is predicated on the presumption that potential economic gains outweigh costs arising from tourism related negative externalities.
Previous studies have made qualitative estimates of the impact of "hallmark" events on tourism, but quantitative estimates from multivariate statistical models have not previously been made. The "hallmark" event considered in this study is World Exposition 1986 (Expo 86), which was held in Vancouver, British Columbia between May and October of 1986. Our purpose is to measure, using a transfer function model with intervention components, the increase in the number of US visitors coming to British Columbia in each of the six months of Expo 86, and to determine whether or not there have been significant post-Expo or * The authors are especially grateful to Turgut Var of Texas A&M University for his assistance in obtaining data on the US Travel Price Index. long-ran effects on the British Columbia tourism industry. Many visitors were attracted to BC by the World Exposition, and one of the arguments used to justify the expense of holding Expo 86 is that the resulting exposure of the city and province to visitors would result in future (ie. post-Expo) increases in tourism. This study tests the validity of that claim.
Tourism is a very important industry in British Columbia reflecting in part the natural beauty of the area, an attractive summer climate, a new Convention Centre and a well-developed tourist service industry including accommodation, food and beverage, fishing, hunting, and other recreation and transportation services. Vancouver Facts and Research (1992) has estimated that in 1991, tourism industries in the Greater Vancouver area alone generated $1.72 billion in industry output, 62,325 full-time jobs, $810 million in taxes, and $2.17 billion in GDP. Clearly, the tourism industry is important to British Columbia and knowledge of the short and long term stimulus to tourism given by events such as Expo 86 may have important implications for economic policy in the province. raised some conceptual and research issues with respect to the impact of hallmark events. He proposed a formal definition of hallmark events:
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"Major one-time or recurring events of limited duration, developed primarily to enhance the awareness, appeal and profitability of a tourism destination in the short and/or long term. Such events rely for their success on uniqueness, status, or timely significance to create interest and attract attention."
Following this broad definition, Ritchie classified hallmark events into seven groups. One of these groups is world fair/exposition which is the primary interest of our study. Ritchie also identified six types of impacts of hallmark events (which are not mutually exclusive): economic, tourism!commercial, physical, socio-cultural, psychological and political. In general, the first two impacts received wide attention in the literature. In the Canadian context, a large number of studies emerged following the awarding of the XV Olympic Winter Games (1988) to Calgary in October 1981. x Using data from 20 centres in the United States and Europe over the period 1986-89, Ritchie and Smith (1991) observed that the 1988 Calgary Olympic Winter Games had a positive impact on the international levels of awareness and the image of the host city. However, their results suggest a significant decline in the level of awareness over time which implies that the long-ran or permanent effect of a mega-event on tourism demand may be insignificant. The latter hypothesis has not been empirically tested in their study.
Some studies attempted to quantify the partial effects of economic factors based on a multiple regression model. Chadee and Mieczkowski (1987) found that despite a depreciation in the Canada-US exchange rate over the period 1976-85, the Canadian tourism industry experienced slow growth. Using quarterly data for 1976-1 to 1985-4, they estimated a demand function for Canadian tourism. The results indicate a modest positive impact of exchange rate depreciation on US demand for Canadian tourism. The authors claim that the modest effect was the result of other offsetting factors which were omitted from the regression model. This conjecture might be valid if an omitted variable is correlated with the exchange rate. Moreover, Chadee and Mieczkowski investigated Canadian tourism demand for the pre-Expo period , while our study examines BC tourism demand for the period 1981-93 with special attention to the effect of Expo 86. Our method of investigation also differs from their methodology.
When modelling demand for tourism, measured by either tourism expenditure or tourist arrivals, researchers used two types of models: time series models and econometric causal models. Time series models are a theoretic, while econometric causal models are based on economic theories. Sheldon (1993) tested the forecasting accuracy of six time series methods for the United States, using annual data for the period 1970 to 1986. These are: (1) the no1These studies include , Aitken (1984, 1985) , Lyons (1987, 1990) , Ritchie and Smith (1991 ), Nicholas Applied Management (1982 ) and DPA Group (1985 . change model, (2) the proportional change model, (3) Brown's double exponential smoothing, and (4) three trend-fitting models (linear, exponential, and log-quadratic). In addition, Sheldon used two multiple regression models (the linear model and the log-linear model) similar to those of Little (1980) , Artus (1972) , Leob (1982) and Chadee and Mieczkowski (1987) . A common feature of these models is the use of income, exchange rate and relative price in the demand function for tourism. Other control variables such as travel cost, dummies for political disturbance and special events were also utilised in some studies.
Sheldon observes that the no-change model yields the most accurate forecast of tourism expenditure in the United States. In the context of econometric causal models, the log-linear model performs better than the linear model.
In the Canadian context, Qui and Zhang (1995) examined the detem~nants of tourist arrivals and expenditure using annual time series data. They estimated both linear and log-linear This function is estimated for five major tourist-originating countries: United States, United Kingdom, France, Germany (West) and Japan. Annual data from 1975 to 1990 are used for each country. We focus on the results of the US demand for travel to Canada since our study is concerned with US demand for British Columbia tourism. Their log-linear demand function suggests that only GNP and time trend have a statistically significant effect on the number of visitors. The log-linear specification was found to be superior to the linear specification because the Box-Cox residual sum of squares was found to be smaller for the log-linear than the linear demand function. This finding complements an earlier result found by Sheldon (1993) . The dummy variables for special events (1976 Montreal Summer Olympics, 1986 Expo in Vancouver and 1988 Winter Olympics in Calgary) were found by Qui and Zhang (1995) to have insignificant influences on the demand for travel. This unexpected result might be attributed to the small size of the sample (16 observations) and the omission of the US travel price index from the model. Furthermore, if the error term does not follow a white noise process, the demand function needs to be modified by appending an ARIMA model for the noise component. The present study overcomes this limitation by integrating the theoretical demand model with the ARIMA model for the stochastic component of demand.
In a series of papers, Crouch (1995 Crouch ( , 1994a Crouch ( , 1994b Crouch ( , 1994c conducted a meta-analysis of intemational tourism demand to integrate the empirical findings of 80 studies. The objective of his analysis was to generalise the findings for tourism demand elasticities by computing the mean and variance of the regression parameters from a large number of international tourism studies. The key results of his study are given in Table 1 . The results indicate that international tourism is a 'luxury' good (income elasticity greater than unity), the own-price effect is same as the exchange-rate effect but less pronounced than the effect of transportation costs. Marketing expenditures have a moderate positive effect on tourism demand. The standard deviations of some of the elasticity parameters are found to be very high across studies. Crouch, however, did not make any attempt to generalise the effect of mega-events on international tourism demand.
(Insert Table 1) 3. Methodology
Theoretical framework
The standard consumer theory is used to specify the US demand function for BC tourism.
Consider a representative US consumer who obtains utility from US tourism (Ts), BC tourism (TB) and a Hicksian composite consumption good (C). The utility function is separable in tourism and the composite consumption good.
(1) U = UT(Ts, TB) + Uc(c)
The consumer maximises utility subject to a budget constraint, Thus demand for tourism depends on the relative price of BC tourism faced by the US visitor (or real exchange rate for tourism industry) and real disposable personal income. Equation (4) imposes the restriction that the effect of the 2previous studies (Qui and Zhang, 1995; Sheldon, 1993) have demonstrated the superiority of a log-normal specification compared to a linear specification.
nominal exchange rate is the same as the own-price effect. Since a previous empirical study seems to suggest that the restriction, 11! = 92 does not hold (Chadee and Mieczkowski, 1987) , it is worthwhile to estimate both restricted and unrestricted specifications.
2 Empirical Model
Further modifications of the demand model are desirable for empirical investigation. First, we focus on the preference parameter "t, which is assumed to behave as a shift factor. Earlier research (Ritchie and Smith, 1991) suggests that a mega-event dramatically increases levels of awareness and enhances the image of the city/region, which is hosting the event. Thus the individual's preferences for tourist destinations might be influenced by a mega-event such as
Expo 86, which in turn will provide a boost in demand for BC tourism. If the noise term follows a white noise process, then equation (6) can be estimated efficiently using OLS. Otherwise, an ARIMA model (Box and Jenkins, 1976, Ch. 9) for the noise term needs to be specified. The general form of the ARIMA model is
0(B) (7) Nt = at (1-B 12)~(B)
where, 0 (B) = MA operator, q0 (B) = AR operator, (1-B 12) = seasonal difference operator 4 and at = white noise term. The specific form of equation (7) will be identified in section 5.
Before presenting our econometric results in section 5, we present a preliminary analysis of the data in the next section.
The Data
Since about 85 percent of non-resident visitors to British Columbia come from the United States, we focus on US demand for BC tourism. There are two alternative measures of demand for tourism: tourist expenditure and tourist arrivals. Investigating the accuracy of tourist expenditure data for 40 countries, White and Walker (1982) show that expenditure data is subject to a high degree of error. This observation was applicable to both developed and developing countries and in some cases the magnitude of measurement error was more than 100 percent. 5 Hence, we choose to use tourist arrivals rather than expenditure as the measure of tourism demand.
Two data series measuring more-than-one-day visitors from the United States to British Columbia by automobile and by plane are analysed. We concentrate on the more-than-oneday visitors because these are the people who typically purchase hotel accommodation and make other expenditures providing the biggest boost to the BC economy. The one-day visitors are a much less important source of tourist dollars. Variable definitions and data sources are noted in Table 2. 4The next section reveals that the tourism demand series exhibits strong seasonality. Seasonal differencing is required to transform a non-stationary series to a stationary series.
5Murphy and Carmichael (1991) developed and applied a formula to estimate tourism expenditure related to a special event (the 1989 BC Winter Games, Nelson). The formula is: "Tourist spending = number of tourist spectators or participants X per cent reporting an expenditure X average dally expenditure per person X average number of days at Games (p 35)." They estimated tourist spending of CAD$479,516 for the 1989 B.C. Winter Games' four-day sports festival in Nelson. This type of accounting is useful in estimating tourism demand associated with a special local event, but for an international mega-event which lasts for six months (such as World Expo) this estimation procedure might be prohibitively costly.
(Insert Table 2 Figure 8 . This series shows an expected upward trend over the sample period, but no obvious relation between tourist arrivals and income can be identified from the relevant graphs.
(Insert Figures 6 to 8) 
Empirical Results
This section begins with a description of the our modelling strategy and then presents the estimation results. Our overall modelling strategy is the following:
We identify a univariate ARIMA model for the US tourist demand series using 64 observations in the pre-intervention period (the period of observations prior to Expo 86 extending from January 1981 to April 1986). The use of the data for pre-Expo 86 period ensures that the dramatic increase in tourist flows resulting from the Expo does not distolX the model identification procedure.
Next, we add only the intervention component (pulse and step functions) to our univariate ARIMA model in order to obtain a first approximation of the short and long run effects of Expo 86 on US demand for BC tourism.
In order to determine whether the post-Expo increases in US tourists to BC have been due to Expo 86 or to changes in other variables, we estimate the unrestricted transfer function model (4) with appropriate ARIMA specification for the noise component. 6
Finally, we impose the restriction that 131 = 132 = -133, and estimate the restricted transfer function model (5) to examine the validity of this restriction.
Thus, we estimate four models: Univariate ARIMA, Intervention Model, Unrestricted
Transfer Function Model and Restricted Transfer Function Model. Each model is estimated for three series: total US tourist arrivals, US tourist arrivals by automobile and US tourist arrivals by plane. All models are estimated without a constant term and using the exact maximum likelihood technique as described in Hillmer and Tiao (1979) . The SCA computing software is used for estimation. The estimated coefficients of both the pulse and step functions are statistically significant (t > 2), indicating significant short-and long-term effects of Expo 86 on total US demand for BC tourism demand.
The Results for Total US Visitor Arrivals
Columns 4 and 5 of Table 3 presents the results for restricted and unrestricted linear transfer function models. 7 The most notable aspect of the results is that none of the input variables, except disposable personal income, has statistically significant effect (at the 5 percent level) on total US tourism demand. The income elasticity of demand obtains a value of unity in both restricted and unrestricted transfer functions. The results with respect to the pulse function are similar to those obtained from the intervention model. However, the long-term effect, indicated by the coefficient of the step function, decreases from 0.30 to 0.11 when we 7Distributed lags on the input variables (exchange rate, US travel price index, BC travel price index and US disposable personal income) as well as a "comer table" have been employed to estimate the rational form of the transfer function [see Pankratz (1991) Ch. 4-6]. The result of that analysis is that all input variables are introduced into the model with linear coefficients and no lags. Absence of any significant lagged effects from input variables to output variables indicate that travellers do not make systematic mistakes in predicting their future incomes or market conditions (ie, values of exchange rate and travel prices).
move from the intervention model to the transfer function models. This suggests that the post-Expo increases in US visitors have been partly due to changes in other economic variables, principally US disposable personal income.
(Insert Table 3 )
The Results for US Visitor Arrival by Mode of Transportation
In order to determine whether or not the mode of transportation for tourist arrival has any effect on our parameter estimates we estimate each model separately for, US visitors arriving by automobile (see Table 4 ) and US visitors arriving by plane (see Table 5 ). We identify an ARIMA (1,0,0) (0,1,2)12 for the US visitors by automobile series (USVA) and an ARIMA 
Partial Short-term and Long-term Effects of World Exposition 1986
The partial short-term effects are estimated for each of the six months of Expo 86 from the pulse function, while the long-term effect is estimated from the step function. The Similarly, using the step function, the long-term effect is computed as:
}l,/-2 -" (e (-06 --1) 100
where, 0) 6 is the coefficient of the step function. The term ~ L~ measures the average monthly percentage change in US tourist arrivals in the post-Expo period due to Expo 86. Figure 9 presents short-term and long-term partial effects obtained from the unrestricted transfer function models for two sub-groups of visitors. Detailed numerical results are provided in 
Estimated Demand Elasticities
Estimated demand elasticities obtained from the transfer functions are presented in Table 7 .
The elasticity of tourism demand with respect to the real exchange rate is insignificantly different from zero both at the aggregated and the disaggregated levels. 
Conclusion
Our conclusions involve the effect of Expo 86 on the number of US visitors to British
Columbia during the six months of Expo and in the post-Expo period. Our empirical analysis leads us to the following conclusions: 9
Over its six month period (May to October 1986), Expo 86 attracted to British
Columbia an additional 1,413,291 more-than-one-day visitors by automobile, and an 8However, it is important to recognise that the test for the coefficient of the real exchange rate involves a joint test of the hypotheses that (i) the relative price of tourism has no effect on demand and (ii) the impact of BC travel price is the negative of the impact of US travel price. Thus it is not clear from the results for the restricted transfer function model, what part of the joint hypothesis is rejected by the data. Hence, we also report elasticity estimates from the unrestricted transfer functions. 9Detailed numerical results are presented succinctly in Tables 6 and 7. additional 165,702 by plane (a total of 1.58 million). The additional average monthly US visitors (more-than-one-day) during Expo 86 were 235,549 by automobile and 27,617 by plane. The lowest additional increase in tourist arrivals for both groups was in October, the last month of Expo (97,237 by automobile and 14,976 by plane), while the highest additional increase in tourist arrivals for both groups was in August for visitor by automobile (302,319) and in September for visitors by plane (39,180).
For both series the marginal impacts of Expo 86 on US demand for BC tourism gradually increased from May to their peak and then they declined, with much the lowest demand boost occurring in October, the last month of Expo 86.
There have been no long-term or post-Expo effects of Expo 86 on more-than-one-day US visitors by plane. The growth in this series over the post-Expo period has occurred quite independently of both Expo 86 and the US-Canada exchange rate.
Expo 86 has stimulated substantial numbers of more-than-one-day US visitors by automobile over the post-Expo period. We estimate that over the 82 months d. The US personal disposable income series is available quarterly in Canadian dollars. First, the quarterly series is converted to monthly series using the cubic spline function as specified in the CANSIM. Then we express the monthly series at 1981 constant US dollars utilising the US-Canada exchange rate and the consumer price index. t-statistics of parameters are given in brackets. Q-statistic has a chi-square distribution with 12 degrees of freedom under the null hypothesis that the residuals from the estimated model are white noise. The critical value of chi-square at the 95% confidence level is 21.03. 
